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ABUSE DETERRENT AND ANTI-DOSE
DUMPING PHARMACEUTICAL SALTS
USEFUL FOR THE TREATMENT OF
ATTENTION DEFICIT/HYPERACTIVITY
DISORDER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a divisional application of pending U.S.
Pat. Appl. Ser. No. 12/846,936 filed Jul. 30, 2010 now U.S.
Pat. No. 8,653,106 which is incorporated herein by reference.
This application is related to U.S. patent application Ser. No.
11/805,225 filed May 22, 2007; Ser. No. 11/973,252 filed
Oct. 5, 2007; Ser. No. 12/080,514 filed Apr. 3, 2008; Ser. No.
12/080,513 filed Apr. 3, 2008; Ser. No. 12/080,531 filed Apr.
3, 2008; Ser. No. 11/595,379 filed Nov. 10, 2006 now U.S.
Pat. No. 7,718,649 issued May 18, 2010; Ser. No. 11/843,690
filed Aug. 23, 2007; Ser. No. 11/928,592 filed Oct. 30, 2007,
Ser. No. 11/932,336 filed Oct. 31, 2007, Ser. No. 12/423,641
filed Apr. 14, 2009 and Ser. No. 12/537,664 filed Aug. 7,2009
each of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

The present invention is related to pharmaceutical compo-
sitions which are particularly suitable for treating Attention
Deficit/Hyperactivity Disorder (ADHD, also known as ADD,
both terms may be used interchangeably herein). More par-
ticularly, the present invention is related to pharmaceutical
compositions, particularly comprising racemic or single iso-
mer ritalinic acid or phenethylamine derivatives, such as
methylphenidate or amphetamine, which can be rendered less
susceptible to abuse or dose dumping and which can be tai-
lored to achieve specific lipophilic and hydrophilic proper-
ties.

Shire is a prominent pharmaceutical company engaged in
marketing medication for the treatment of Attention Deficit/
Hyperactivity Disorder (ADHD). In a “Shire News” informa-
tional newsletter published on the internet entitled, “Results
from a European Caregiver Survey Highlight the Impact of
Attention Deficit Hyperactivity Disorder (ADHD) on the
Child and the Family”, the following excerpt from the section
“About ADHD” is included below as a primer on ADHD.
“ADHD is one of the most common psychiatric disorders in
children and adolescents. Worldwide prevalence of ADHD is
estimated at 5.3 percent (with large variability), according to
a comprehensive systematic review of this topic published in
2007 in the American Journal of Psychiatry. In the United
States, approximately 7.8 percent of all school-aged children,
or about 4.4 million children aged 4 to 17 years, have been
diagnosed with ADHD at some point in their lives, according
to the Centers for Disease Control and Prevention (CDC). The
disorder is also estimated to affect 4.4 percent of US adults
aged 18 to 44 based on results from the National Comorbidity
Survey Replication. When this percentage is extrapolated to
the full US population aged 18 and over, approximately 9.8
million adults are believed to have ADHD. ADHD is a psy-
chiatric behavioral disorder that manifests as a persistent
pattern of inattention and/or hyperactivity-impulsivity that is
more frequent and severe than is typically observed in indi-
viduals at a comparable level of development. The specific
etiology of ADHD is unknown and there is no single diag-
nostic test for this syndrome. Adequate diagnosis requires the
use of medical and special psychological, educational and
social resources, utilizing diagnostic criteria such as Diag-
nostic and Statistical Manual of Mental Disorders-1V (DSM-
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IV-TR) or International Classification of Diseases 10 (ICD-
10). Although there is no “cure” for ADHD, there are
accepted treatments that specifically target its symptoms.
Standard treatments include educational approaches, psycho-
logical, or behavioral modification, and medication.”

The treatment of ADHD as manifested in adults and chil-
dren is a disease with known treatment regimens. An over-
view of the symptoms, signs, diagnosis, prognosis, treatment
and therapeutic agents applicable to these learning and devel-
opmental disorders can be found in The Merck Manual 18
Edition, ©2006, published by Merck Research Laboratories,
pp. 2483-2486. Two drugs are principally used to treat these
conditions: methylphenidate and dextro-amphetamine. The
dosing regimen generally consists of first titrating the patient
with immediate release (IR) dosage forms to effect the
desired change while minimizing adverse effects followed by
switching to an extended release (ER) formulation once the
patient’s response to the drug is understood. Both dextro-
amphetamine and methylphenidate, in either IR or ER for-
mulations, are stimulants and prone to abuse, misuse and
diversion.

The abuse, misuse and diversion of controlled substances is
discussed at length in U.S. patent application Ser. No. 11/805,
225 [Bristol etal.], and Ser. No. 11/973,252 [King, et al.] and
Ser. No. 12/423,641 [King et al.] wherein included are tech-
nical approaches to imparting anti-abuse and abuse deterrent
features to controlled substances. The abuse of dextro-am-
phetamine and methylphenidate, both of which are controlled
substances, is widespread. These drugs are readily prescribed
and consequently, their common availability or access by
diversion has made them comparatively easy targets for those
people intent on abuse or misuse ofthe drug. The challenge to
the pharmaceutical industry and to medical professionals is to
provide these medications to patients in genuine need of the
drug’s therapeutic benefits while restricting or eliminating
the ability to abuse the drug.

Inthe case of dextro-amphetamine, New River Pharmaceu-
ticals has risen to the abuse deterrent/misuse/diversion chal-
lenge by preparing a prodrug form of dextro-amphetamine.
New River’s U.S. Pat. No. 7,105,486 B2 (Mickle et al.), the
disclosure of which is incorporated herein by reference,
describes the covalent attachment of L-lysine to the drug
substance, amphetamine, to provide compounds and compo-
sitions exhibiting abuse-resistant properties and which are
useful for the treatment of disorders including attention defi-
cit hyperactivity disorder (ADHD), attention deficit disorder
(ADD), narcolepsy and obesity. The drug product incorpo-
rating the prodrug delivers an abuse deterrent feature through
chemical means which would require some expertise to
defeat—and only through chemical transformation. Unfortu-
nately, the prodrug approach, in general, requires significant
R&D resources to tailor each prodrug to a host of regulatory
specifications before market approval can be granted by the
FDA. Consequently, the prodrug approach is costly, time-
intensive and does not provide a universal, platform solution
to imparting abuse deterrent properties to the medically nec-
essary amine-containing controlled substances. The inven-
tion described herein encompasses a platform approach to
imparting abuse deterrent properties at the molecular level
through unique salt forms of the opioid alkaloids.

Not surprisingly, the abuse, misuse and diversion of (dex-
tro)-amphetamine and methylphenidate (racemic and single
isomer) is due to the psychoactive effect these drugs exhibit
which is similar to cocaine. In “The Chemistry of Mind-
Altering Drugs, History, Pharmacology, and Cultural Con-
text”, by Daniel M. Perrine, ©1996, published by the Ameri-
can Chemical Society, p. 196-198, the authors report on a
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study conclusively demonstrating methylphenidate and
cocaine acted on the same part of the brain. Similarly, on page
193 the authors report that the final psychotic toxicity of
amphetamines is “essentially identical to that found with
cocaine”. While these drugs provide necessary medical treat-
ment, their abuse serves no valued purpose to society. Con-
sequently, the challenge is to provide these drugs, as drug
substances and in dosage forms (drug products) which are not
easily abused or misused and thereby diminish the motive for
diversion.

In addition to the scientific and technical challenges faced
by drug substance and product manufacturers, the United
States government recognizes the severe detrimental conse-
quences drug abuse has on the Nation and has taken action,
principally through the Food and Drug Administration
(FDA), in an effort to mitigate drug abuse. A summary of the
FDA’s intent, philosophy and actions is found in the Federal
Register, Volume 74, Number 74, Monday Apr. 20, 2009,
pages 17967-17970 as it relates to their Risk Evaluation and
Mitigation Strategies (REMS) program for opioid-based drug
products. However, a REMS program requirement may be
required by all drug product manufacturers to ascertain the
risk/benefit to (controversial) drug products as authorized by
the Food and Drug Administration Amendments Act of 2007.
Beyond cited opioids in the FDA’s Federal Registry entry, all
controlled substances including those of the present invention
will likely be subject to a REMS requirement. A top level
overview of the REMS initiative, presented by the FDA’s top
administrators, is available on-line. As the effort to fight drug
abuse increases, the terminology employed to address the
topic is evolving. In previous applications by the present
inventors, “anti-abuse” was employed as a term to describe
properties imparted to drug substances and drug products as a
result of design engineering to these substances and products,
features which inhibit their use in a manner for which they
were not intended. As the terminology has evolved within
administrative law, the term “abuse-deterrent” is more often
employed. Within the context of this disclosure, no limitation
is implied through the use of either term and both are engen-
dered to be interpreted in the broadest sense. However, for
completeness and to provide a broader understanding of the
invention herein, the United States Food and Drug Adminis-
tration in their January 2010 issuance of Guidance for Indus-
try: Assessment of Abuse Potential of Drugs, it is stated:
“Currently, the concept of abuse deterrence is viewed as the
introduction of some limits or impediments to abuse, as
opposed to the outright elimination of abuse.”

The Government Accounting Office (GAO) in a publica-
tion entitled, “Prescription Drugs, OxyContin Abuse and
Diversion and Efforts to Address the Problem”, (GAO-04-
110) in the “Recommendation for Executive Action”, page
42, stated: “To improve efforts to prevent or identify the abuse
and diversion of schedule II controlled substances, we rec-
ommend that the Commissioner of Food and Drugs ensure
that FDA’s risk management plan guidance encourages phar-
maceutical manufacturers that submit new drug applications
for these substances to include plans that contain a strategy
for monitoring the use of these drugs and identifying potential
abuse and diversion problems.” It is well known that the
amphetamines and methylphenidate are intentionally abused
and diverted for illicit purpose.

Clearly there remains a need to address the abuse, misuse
and diversion of schedule II controlled substances (both the
active pharmaceutical ingredient and for the formulated dos-
age product). A host of technical requirements must be met in
addition to the regulatory administrative requirements to
meet society’s needs. Beyond technical requirements,
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today’s pharmaceutical marketplace requires inventions be
consistent with the prevailing politics and policy of the fed-
eral government. The administrative controls being placed on
the stakeholders involved in the commercial use of controlled
substances are burdensome. The stakeholders include the
drug manufacturer, distributor, the prescriber (physician and
other medical personnel), dispenser (pharmacist) and the
patient. Such burdensome administrative controls such as
health provider certifications and the like may have the unin-
tentional outcome of restricting necessary medications to
those patients legitimately in need of the controlled sub-
stance, such as those substances of the present invention.

There has been a long felt need for pharmaceuticals, phar-
maceutical systems, and methods of predictably altering
pharmaceuticals to achieve the goals set forth above. Phar-
maceuticals, pharmaceutical systems, and methods of pre-
dictably altering pharmaceuticals which are less susceptible
to abuse, and particularly dose dumping, are provided herein.
It is an object of the invention is to provide a beneficial
technical solution which does not overwhelm the healthcare
system and addresses an entire product/therapeutic family to
curb prescriber and dispenser confusion.

SUMMARY OF THE INVENTION

It is an object of the invention is to provide a beneficial
technical solution to drug abuse which does not overwhelm
the healthcare system and which addresses an entire product/
therapeutic family to curb prescriber and dispenser confu-
sion.

It is an object of the invention to provide organic acid
addition salts of racemic and single-isomer methylphenidate
and amphetamine exhibiting abuse deterrent properties
including anti-dose dumping characteristics.

A particular advantage of the invention is the ability to
establish a patient’s therapeutic treatment for ADD/ADHD
with immediate release dosage products and then exchanging
the patient’s treatment to a dosage formulation exhibiting
abuse deterrent properties.

A particular advantage of the present invention is the abil-
ity to provide medical professionals, or prescribers, the abil-
ity to prescribe an abuse deterrent formulation for the thera-
peutic treatment of patients with a propensity toward drug
abuse.

One embodiment of the present invention is to provide a
means for fulfilling a United States Food and Drug Adminis-
tration mandate to all stakeholders in the manufacture, pre-
scribing, dispensing and to the recipient patient to curb drug
abuse and to demonstrate compliance with the FDA’s statu-
torily driven REMS program.

An embodiment of the present invention is the ability to
provide a business franchise or enterprise solution for the
manufacture, distribution, prescription and fulfillment of
medically necessary drug products of a given therapeutic
category and which exhibit abuse deterrent properties.

An advantage of the invention is the ability to provide a
franchise/enterprise regulatory compliant business solution
for the provision of amine-containing controlled substances
while fulfilling a medical need exhibiting abuse deterrent
properties.

An advantage of the present invention is the ability to
provide drug substances within a therapeutic family of drug
products which exhibit abuse deterrent properties.

It is a feature of the present invention to provide meth-
ylphenidate organic acid addition salts and amphetamine
organic acid addition salts possessing abuse-deterrent prop-
erties which are useful for the treatment of ADD or ADHD.
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It is an object of the present invention to employ abuse
deterrent technology to drug substances which are currently
unapproved yet which could be rendered sufficiently safe that
they could serve a legitimate medical need.

Itis an object of the present invention to provide the organic
acid addition salt of cocaine exhibiting abuse deterrent fea-
tures and useful for the treatment of ADHD.

It is an object of the present invention to provide organic
acid addition salts of amine containing compounds wherein
brain receptor selectivity is unaltered by the abuse deterrent
feature.

It is yet another object of the present invention to provide
an organic acid moiety which, when reacted with an amine,
provides a non-toxic, drug delivery system. Furthermore, the
organic acid moiety is, by design, engineering and through
chemical derivatization adjusted to predictably alter its
hydrophilic or lipophilic balance to aid as a drug delivery
system.

A particular advantage of the present invention is that the
organic acid moiety can be chemically derivatized, by reac-
tion with an amine, to alter the hydrophilic or lipophilic
balance of the resulting organic acid addition salt.

Another advantage of the present invention is that the
organic acid moiety can be chemically modified to selectively
impart a desired dissolution performance feature of salts
formed between the organic acid moiety and amine-contain-
ing active pharmaceutical ingredients.

In yet another advantage of the present invention the
organic acid moiety can be selected to enhance or increase the
lipophilicity of an amine-containing active pharmaceutical
ingredient upon salt formation with the organic acid moiety,
wherein the moiety contains hydrophobic substitution.

It is another object of the invention to enhance or increase
the hydrophilicity of an amine-containing active pharmaceu-
tical ingredient upon salt formation with an organic acid
moiety, the moiety containing hydrophilic substitution.

It is another object of the invention to increase the resis-
tance of an amine-containing organic acid addition salt to
dissolution in low pH environments, particularly in the
human gastrointestinal tract.

It is another object of the present invention to provide
controlled release of the amine-containing active pharmaceu-
tical ingredient from its organic acid addition salt by selection
of the organic acid component wherein the hydrophilic-lipo-
philic balance of the salt and its response to pH have been
altered by chemical design of the organic acid component.

The present invention includes modifications to the ortho-
hydroxy organic acid components of the invention to increase
its hydrophilicity and that of subsequent salts formed by
reaction with amine-containing active pharmaceutical ingre-
dients. Such modifications include but are not limited to
attaching polar, hydrophilic groups to the organic acid moi-
ety. Particularly preferred polar groups are selected from the
group consisting of ethers, esters, alcohols, oligomeric ethers
derived from alkylene oxides, polyoxyalkylenes, and the like.

The present invention includes modifications to the ortho-
hydroxy organic acids to increase the lipophilicity and that of
subsequent salts formed by reaction with amine-containing
active pharmaceutical ingredients. Such modifications
include but are not limited to attaching non-polar, lipophilic
groups to the organic acid moiety. Particularly preferred non-
polar groups are selected from the group consisting of linear
and branched alkyl, aryl, alkyl/aryl groups and the like.

A particular feature of the present invention is the ability to
provide organic acid derivatives incorporating a surfactant
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moiety as a dissolution profile modifier which are capable of
forming salts with amine-containing active pharmaceutical
compounds.

Yet another aspect of the invention is to chemically attach
to the organic acid component a substituent possessing sur-
factant exhibiting anionic, cationic and neutral surfactant
properties.

Yet another object of the present invention is the ability to
provide controlled release of an amine-containing active
pharmaceutical ingredient from its organic acid addition salt.
This is accomplished by selection of the organic acid com-
ponent wherein the hydrophilic-lipophilic balance of the salt,
its response to pH, and its dissolution properties imparted
through the dissolution profile modifier of the organic acid
component have been altered by design.

A particular feature of the present invention is the ability to
optimize, adjust or otherwise tune the dissolution properties
of'organic acid addition salts of amine containing active phar-
maceutical ingredients by selection of properties of the salt
and the organic acid component as a delivery mechanism
utilizing: the selection of: a) the organic acid family, b) the
stoichiometry available in salt formation such as 2:1 or 1:1, ¢)
the amorphous or polymorphic form of the salt and d) substi-
tution upon the organic acid component to adjust its: 1)
hydrophilic-lipophilic balance, 2) sensitivity to pH, and 3)
surfactant properties. Each of these factors allows for the
design and engineering of dissolution properties of amine-
containing active pharmaceutical ingredients.

A feature of the present invention is the ability to optimize
an in vitro and in vivo dissolution profile of an amine-con-
taining active pharmaceutical ingredients at the molecular
level by:

a) preparation of its bis-functional acid salt;

b) selection of a preferred stoichiometric ratio of the bis-
functional acid salt intermediate compared to amine-
containing active pharmaceutical ingredient and to
amine-containing hydrophilic (or conversely, lipophilic)
components used to form the salt;

¢) evaluation and optimization of the stoichiometry ratio to
optionally produce an amorphous or polymorphic salt;

d) evaluation and optimization of the stoichiometry ratio to
produce the preferred dissolution profile; based on a)
through ¢) above; and

e) an iterative evaluation and optimization of the hydro-
philic (or lipophilic) component to identity a preferred
molecular weight range to yield the desired dissolution
profile.

An aspect of the present invention is the preparation of a
bis-functional salt wherein at least one functionality portion
of the salt is used to deliver a physiologically active and/or
psychoactive alkaloid and/or amine-containing active phar-
maceutical ingredient; another functionality of the salt is to
provide the delivery mechanism of the alkaloid and/or active
pharmaceutical ingredient.

Itis yet another aspect of the invention to provide a process
methodology suitable for preparing a mixed organic acid
addition salt of amine-containing active pharmaceutical
ingredients and an essentially inactive amine component, the
mixed organic acid addition salt arising from the stoichiomet-
ric displacement of one essentially inactive amine component
of a bis-substituted organic acid.

It is another object of the present invention to employ
xinafoate salts of amine containing active pharmaceutical
ingredients in formulated drug products in order to deliver the
active pharmaceutical ingredient to the intestinal tract by
retarding the rate of release in the stomach and enhance the
stability of low pH sensitive drugs. In addition, a combination



US 9,226,925 B1

7

of pamoate and xinafoate salts of a given amine containing
controlled substance would provide for a tunable and targeted
release profile in a dosage form.

These and other features of the invention are provided in a
pharmaceutical composition comprising a drug substance
consisting essentially of a pharmaceutically acceptable
organic acid addition salt of an amine containing pharmaceu-
tically active compound wherein the amine containing phar-
maceutical active compound is selected from the group con-
sisting of racemic or single isomer ritalinic acid or
phenethylamine derivatives, particularly methylphenidate
and amphetamine, and the drug substance has a physical form
selected from amorphous and polymorphic.

Yet another embodiment is provided in a pharmaceutical
composition comprising a drug substance consisting essen-
tially of A-B-C wherein A is an amine containing pharmaceu-
tically active compound; C is an amine which can be the same
as A, and B is a bidentate linking group used to ionically or
covalently link A and C, and defined by the formula:

O Rlo R
| Il
C—Y!—¢g! —Y?—G?
RIS OR2 R3O R2
AN AN
| RE—
RIS e RS R F R2!
RV R

wherein Y* and Y? are independently selected from nitrogen,

oxygen and sulfur;

G' and G* independently represent ionically or covalently
bound groups;

R'°?and R'! are present when necessary to satisfy the valence
of Y' and Y?, respectively, and are independently selected
from hydrogen and an alkyl of 1-6 carbons; aryl of 6-12
carbons, alkylacyl of 1-8 carbons or arylacyl 7-15 carbons;

R'?and R'? are independently selected from hydrogen, alkyl
or 1-6 carbons, alkylacyl of 1-8 carbons or arylacyl of 7-15
carbons;

R'* will replace one of R*>, R*%, R*” or R'® and one of R*?,
R*°, R*! or R** and is an alkyl or branched alkyl of 1-10
carbons, aryl, arylalkyl of 7-15 carbons and wherein R'*
may include at least one optically active carbon; and

R'5,R'® R'7,R'® R'%, R?*°, R*! and R*?, are independently
selected from hydrogen, alkyl of 1-6 carbons, and wherein
adjacent groups may be taken together to form a cyclic
alkyl or cyclic aryl moiety
Yet another embodiment is provided in a drug substance

consisting essentially of a pharmaceutically acceptable

organic acid addition salt of an amine containing pharmaceu-
tically active compound wherein the amine containing phar-
maceutical active compound is selected from the group con-
sisting of racemic or single isomer ritalinic acid or
phenethylamine derivatives, particularly methylphenidate
and amphetamine, and the drug substance has a physical form
selected from amorphous and polymorphic and wherein the
drug substance is useful for the treatment of a therapeutic
ailment administration and the drug substance exhibits anti-
abuse properties when employed in non-therapeutic admin-
istration.

Yet another embodiment is provided in a drug substance
consisting essentially of A-B-C wherein A is a pharmaceuti-
cally active compound; C is a dissolution modifying amine
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and B is a bidentate linking group used to ionically or
covalently link A and C, and defined by the formula:

RI0 Rl
I v
RS OR2 R3O R2
AN AN
| R I
|
RIS F RIS R F R2!
RV R0

wherein Y* and Y? are independently selected from nitrogen,
oxygen and sulfur; G' and G independently represent ioni-
cally or covalently bound groups;

R and R!! are present when necessary to satisfy the valence
of Y! and Y?, respectively, and are independently selected
from hydrogen and an alkyl of 1-6 carbons; aryl of 6-12
carbons, alkylacyl of 1-8 carbons or arylacyl 7-15 carbons;
R'? and R'? are independently selected from hydrogen, alkyl
or 1-6 carbons, alkylacyl of 1-8 carbons or arylacyl of 7-15
carbons;

R' will replace one of R*>, R', R’ or R'® and one of R*,
R*°, R*! or R*? and is an alkyl or branched alkyl of 1-10
carbons, aryl, arylalkyl of 7-15 carbons and wherein R** may
include at least one optically active carbon; and

R, R'¢, R'7, R'®, R*, R?°, R*! and R*?, are independently
selected from hydrogen, alkyl of 1-6 carbons, and wherein
adjacent groups may be taken together to form a cyclic alkyl
or cyclic aryl moiety; and

wherein said drug substance is useful for the treatment of a
therapeutic ailment administration and exhibits anti-abuse
properties when employed in non-therapeutic administration.

Yet another embodiment is provided in a method for miti-
gating dose dumping comprising:
providing a drug product comprising a pharmaceutically
acceptable organic acid addition salt of an amine containing
pharmaceutically active compound wherein the amine con-
taining pharmaceutically active compound is selected from
the group consisting of racemic or single isomer ritalinic acid
or phenethylamine derivatives, particularly methylphenidate
and amphetamine, and the drug substance has a physical form
selected from amorphous and polymorphic wherein the drug
substance meets at least one condition in 0.1 N HCI selected
from the group consisting of:
no more than 35% of the pharmaceutically active compound
is released at 30 minutes with 5 wt % ethanol in 0.1 N HCI,
the percentage of pharmaceutically active compound
released with at least 5 wt % ethanol in 0.1 N HCl is no more
than a percentage of active pharmaceutically active com-
pound released in said 0.1 N HCI without ethanol; and the
percentage of drug substance released with 40 wt % ethanol in
0.1 N HCI does not exceed 60% while the percentage of
pharmaceutically active compound released under the condi-
tions selected from water, 0.1 N HCI, 5 wt % ethanol in 0.1 N
HCI and 20 wt % ethanol in 0.1 N HCI does not exceed the
pharmaceutically active compound released with 40 wt %
ethanol in 0.1 N HCI. It is particularly preferred that no more
than about 35% of the active pharmaceutical be released over
an extended time, such as at least 45 minutes.

Yet another embodiment is provided in a drug product not
susceptible to dose dumping wherein the drug product com-
prises a drug substance wherein the drug substance is a phar-
maceutically acceptable organic acid salt of an amine con-
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taining pharmaceutically active compound selected from the
group consisting of racemic or single isomer ritalinic acid or
phenethylamine derivatives, particularly, methylphenidate
and amphetamine, and said drug substance meets at least one
condition in 0.1 N HCl selected from the group consisting of:
no more than 35% of the drug substance is released at 30
minutes with 5 wt % ethanol in said 0.1 N HCI; the percentage
of drug substance released with at least 5 wt % ethanol in said
0.1 N HCl is no more than a percentage of drug substance
released in said 0.1 N HCI without ethanol; and the percent-
age of drug substance released with 40 wt % ethanolin 0.1 N
HCl does not exceed 60% while the percentage of drug sub-
stance released under the conditions selected from water, 0.1
N HCI, 5 wt % ethanol in 0.1 N HC1 and 20 wt % ethanol in
0.1 N HCl does not exceed the drug substance released with
40 wt % ethanol in 0.1 N HCL. It is particularly preferred that
no more than about 35% of the active pharmaceutical be
released over an extended time, such as at least 45 minutes.
Yet another embodiment is provided in a method for miti-
gating dose dumping comprising:
providing a drug product comprising a drug substance con-
sisting essentially of A-B-C wherein A is d-methylphenidate;
C is an amine and B is a bidentate linking group used to
ionically or covalently link A and C, and defined by the
formula:

O Rlo R
| Il
C—Y!'—ag! —Y?—G?
RIS OR2 R3O R2
AN AN
| i
|
RIS Z RS R e R2!
RV R

wherein Y* and Y? are independently selected from nitrogen,
oxygen and sulfur;

G' and G* independently represent ionically or covalently
bound groups;

R'®and R!'! are present when necessary to satisfy the valence
of Y! and Y?, respectively, and are independently selected
from hydrogen and an alkyl of 1-6 carbons; aryl of 6-12
carbons, alkylacyl of 1-8 carbons or arylacyl 7-15 carbons;
R'?and R'? are independently selected from hydrogen, alkyl
or 1-6 carbons, alkylacyl of 1-8 carbons or arylacyl of 7-15
carbons;

R'* will replace one of R'>, R'%, R*” or R*® and one of R*?,

R?°, R*! or R*? and is an alkyl or branched alkyl of 1-10
carbons, aryl, arylalkyl of 7-15 carbons and wherein R** may
include at least one optically active carbon; and

R'*, R'¢, R'7, R'® R, R?°, R*! and R*?, are independently
selected from hydrogen, alkyl of 1-6 carbons, and wherein
adjacent groups may be taken together to form a cyclic alkyl
or cyclic aryl moiety; and wherein said drug substance meets
at least one condition in 0.1 N HCl selected from the group
consisting of: no more than 35% of drug substance is released
at 30 minutes with 5 wt % ethanol in 0.1 N HCI; the percent-
age of drug substance with at least 5 wt % ethanol in 0.1 N
HCl is no more than a percentage of drug substance in 0.1 N
HCI without ethanol; and the percentage of drug substance
released with 40 wt % ethanol in 0.1 N HCI does not exceed
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60% while the percentage of drug substance released under
the conditions selected from water, 0.1 N HCI, 5 wt % ethanol
in 0.1 N HCI and 20 wt % ethanol in 0.1 N HCI does not
exceed the drug substance released with 40 wt % ethanol in
0.1 NHCIL.

Yet another embodiment is provided in a drug product not
susceptible to dose dumping wherein the drug product com-
prises a drug substance consisting essentially of A-B-C
wherein A is d-methylphenidate; C is an amine and B is a
bidentate linking group used to ionically or covalently link A
and C, and defined by the formula:

O R10 O R
| | -
C—Y!'—g! C—Y?—@G?
RS OR2 RIO R2
AN AN
(¥——
RIS A RIS R F R2!
R R2°

wherein Y* and Y? are independently selected from nitrogen,
oxygen and sulfur;

G' and G* independently represent ionically or covalently
bound groups;

R and R!! are present when necessary to satisfy the valence
of Y! and Y?, respectively, and are independently selected
from hydrogen and an alkyl of 1-6 carbons; aryl of 6-12
carbons, alkylacyl of 1-8 carbons or arylacyl 7-15 carbons;

R'? and R'? are independently selected from hydrogen, alkyl
or 1-6 carbons, alkylacyl of 1-8 carbons or arylacyl of 7-15
carbons;

R' will replace one of R*>, R', R’ or R'® and one of R*,
R*°, R®! or R** and is an alkyl or branched alkyl of 1-10
carbons, aryl, arylalkyl of 7-15 carbons and wherein R'* may
include at least one optically active carbon; and

R'%,R!'® R'7,R'® R'®, R?*°, R?! and R*?, are independently
selected from hydrogen, alkyl of 1-6 carbons, and wherein
adjacent groups may be taken together to form a cyclic alkyl
or cyclic aryl moiety; and said drug substance meets at least
one conditionin 0.1 N HCl selected from the group consisting
of no more than 35% of the drug substance is released at 30
minutes with 5 wt % ethanol in 0.1 N HCI; the percentage of
drug substance with at least 5 wt % ethanol in said 0.1 N HCl
is no more than a percentage of drug substance released in
said 0.1 N HCI without ethanol; and the percentage of drug
substance released with 40 wt % ethanol in 0.1 N HC1 does
not exceed 60% while the percentage of drug substance
released under the conditions selected from water, 0.1 N HCI,
5wt % ethanol in 0.1 N HCl and 20 wt % ethanol in 0.1 N HC1
does not exceed the drug substance released with 40 wt %
ethanol in 0.1 N HCI.

Yet another embodiment is provided in a method for form-
ing a drug substance consisting essentially of A-B-C wherein
A is a pharmaceutically active compound; C is an amine and
B is a bidentate linking group used to ionically or covalently
link A and C, and comprising:
mixing at least two moles of said pharmaceutically active
compound or said amine with a mole of said bidentate linking
group defined by the formula:
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0 0
él—w él—Y“
RllS ORIIZ RIISO R122
| R114 :
R116 / RIIS R119 / R121
R117 R120

wherein Y> and Y* are independently selected from groups
capable of being displaced by at least one of said pharmaceu-
tically active compound and said amine;

R''? and R'*? are independently selected from hydrogen,
alkyl of 1-6 carbons, alkylacyl of 1-8 carbons or arylacyl of
7-15 carbons;

R''* will replace one of R**%, R*5, R*!7 or R'*® and one of
R!'? R'?° R'?! or R**? and is an alkyl or branched alkyl of
1-10 carbons, aryl, arylalkyl of 7-15 carbons and wherein
R''* may include at least one optically active carbon; and
R“S, R116’ R117, RllS, R119, R120, R2! and R122, are inde-
pendently selected from hydrogen, alkyl of 1-6 carbons, and
wherein adjacent groups may be taken together to form a
cyclic alkyl or cyclic aryl moiety;

thereby forming a conjugate; and

mixing 0.9 to 1.1 moles of other amine or said pharmaceuti-
cally active compound with the conjugate thereby forming
A-B-C.

Yet another embodiment is provided in a method for form-
ing a drug substance consisting essentially of A-B-C wherein
A is a pharmaceutically active compound; C is an amine and
B is a bidentate linking group used to ionically or covalently
link A and C, and defined by the formula:

0 RIO 0 Rl
| | 7
C—Yy!'—¢! C—Y?—G@?
RIS OR2 R%g R2
AN AN
| Rl I
|
RIS F RIS RY e r2!
RY7 R20

wherein Y' and Y2 are independently selected from nitro-
gen, oxygen and sulfur;

G* and G* independently represent ionically or covalently
bound groups;

R' and R'' are present when necessary to satisfy the
valence of Y' and Y?, respectively, and are indepen-
dently selected from hydrogen and an alkyl of 1-6 car-
bons; aryl of 6-12 carbons, alkylacyl of 1-8 carbons or
arylacyl 7-15 carbons; alkali earth metals, ammonium,
alkyl ammonium with 1-20 carbons and esters with 1-20
carbons;

R'? and R'? are independently selected from hydrogen,
alkyl or 1-6 carbons, alkylacyl of 1-8 carbons or arylacyl
of 7-15 carbons;

R'*will replace one of R*>, R'® R'7 or R'® and one of R*®,
R*°, R*! or R*? and is an alkyl or branched alkyl of 1-10
carbons, aryl, arylalkyl of 7-15 carbons and wherein R**
may include at least one optically active carbon; and

R', R'%, RY7, R'®, R', R*, R*! and R**, are indepen-
dently selected from hydrogen, alkyl of 1-6 carbons, and
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wherein adjacent groups may be taken together to form
a cyclic alkyl or cyclic aryl moiety;
comprising:
mixing at least 0.9 moles and no more than 1.1 moles of one

of said pharmaceutically active compound or said amine
with a mole of a bidentate linking group defined by

O O
él—w él—Y“
RIS ORl2 Rll3Q Ri2
| Rl I
|
RIS A RIS RI19 a R
R R120

wherein Y and Y* are independently selected from groups
with capable of being displaced by at least one of said
pharmaceutically active compound and said amine;

R''? and R'!'? are independently selected from hydrogen,
alkylor 1-6 carbons, alkylacyl of 1-8 carbons or arylacyl
of 7-15 carbons;

R''* will replace one of R**®, R*'® R''” or R'*® and one of
R!? R'?° R'*! or R'** and is an alkyl or branched alkyl
of 1-10 carbons, aryl, arylalkyl of 7-15 carbons and
wherein R'** may include at least one optically active
carbon; and

Rl 15, R116, R117, Rl 18, Rl 19, R120, R121 and R122, are
independently selected from hydrogen, alkyl of 1-6 car-
bons, and wherein adjacent groups may be taken
together to form a cyclic alkyl or cyclic aryl moiety;

thereby forming a conjugate; and

mixing at least 0.9 moles and no more than 1.1 moles of
other of said amine or said pharmaceutically active com-
pound with a mole of said conjugate thereby forming
said A-B-C.

Yet another embodiment is provided in a pharmaceutical
composition comprising:
a first drug substance consisting essentially of a pharmaceu-
tically acceptable organic acid addition salt of a first amine
containing pharmaceutically active compound wherein the
first amine containing pharmaceutical active compound is
selected from the group consisting of racemic or single iso-
mer ritalinic acid or phenethylamine derivatives, particularly
methylphenidate and amphetamine, and the drug substance
has a physical form selected from amorphous and polymor-
phic with a first percent dissolution at a pH of 1 at 60 minutes
at ambient temperature; and

a second drug substance consisting essentially of a salt of a
second amine containing pharmaceutically active compound
with a second percent dissolution at a pH of 1 at 60 minutes at
ambient temperature.

Yet another embodiment is provided in a pharmaceutical
composition comprising:
a first drug substance consisting essentially of a first pharma-
ceutically acceptable organic acid addition salt of a first
amine containing pharmaceutically active compound; and

a second drug substance consisting essentially of A-B-C
wherein A is a second pharmaceutically active compound, C
is an amine and B used to ionically or covalently link A and C,
and is defined by the following structure:
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10 O R
N/ 7
C—Y!'—¢g! C—Y?—@G?
RIS OR2  R30 R2
AN QAN
[ ——
RIS Z RS R e R2!
RY7 R0

wherein Y* and Y2 are independently selected from nitrogen,
oxygen and sulfur; G* and G* independently represent ioni-
cally or covalently bound groups;

R'?and R'! are present when necessary to satisfy the valence
of Y' and Y?, respectively, and are independently selected
from hydrogen and an alkyl of 1-6 carbons; aryl of 6-12
carbons, alkylacyl of 1-8 carbons or arylacyl 7-15 carbons;
R'? and R'? are independently selected from hydrogen, alkyl
or 1-6 carbons, alkylacyl of 1-8 carbons or arylacyl of 7-15
carbons;

R'* will replace one of R*>, R'%, R*” or R*® and one of R*?,
R?°, R*! or R** and is an alkyl or branched alkyl of 1-10
carbons, aryl, arylalkyl of 7-15 carbons and wherein R'* may
include at least one optically active carbon; and

R, R'¢, R'7, R'® R*®, R?°, R*! and R*?, are independently
selected from hydrogen, alkyl of 1-6 carbons, and wherein
adjacent groups may be taken together to form a cyclic alkyl
or cyclic aryl moiety.

Yet another embodiment is provided in a method for treat-
ing Attention Deficit/Hyperactivity Disorder comprising the
steps of:
determining a suitable dosage of a drug substance for a patient
and a drug substance release profile;
providing at least one drug product comprising said suitable
dosage of said drug substance and said drug substance release
profile wherein said drug substance is selected from the group
consisting of:

a pharmaceutically acceptable organic acid addition salt of a
first amine containing pharmaceutically active compound
wherein said first amine containing pharmaceutical active
compound is selected from the group consisting of racemic or
single isomer ritalinic acid or phenethylamine derivatives,
particularly methylphenidate and amphetamine, and said
drug substance has a physical form selected from amorphous
and polymorphic; and

A-B-C wherein A is a second amine containing pharmaceu-
tically active compound; C is an amine and B is a bidentate
linking group used to ionically or covalently link A and C, and
is defined by the formula:

O 10 O 11
| - |
C—Y!'—¢! C—Y*—@?
RIS OR2  RIQ R2
AN AN
[
RIS A RIS R A R
RV R20

wherein Y* and Y2 are independently selected from nitrogen,
oxygen and sulfur;

G' and G* independently represent ionically or covalently
bound groups;
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R'° and R'! are present when necessary to satisfy the valence
of Y' and Y?, respectively, and are independently selected
from hydrogen and an alkyl of 1-6 carbons; aryl of 6-12
carbons, alkylacyl of 1-8 carbons or arylacyl 7-15 carbons;
R'? and R'? are independently selected from hydrogen, alkyl
or 1-6 carbons, alkylacyl of 1-8 carbons or arylacyl of 7-15
carbons;
R** will replace one of R*>, R'®, R*” or R*® and one of R*?,
R*°, R®! or R** and is an alkyl or branched alkyl of 1-10
carbons, aryl, arylalkyl of 7-15 carbons and wherein R** may
include at least one optically active carbon; and
R'%,R!'® R'7,R'® R'®, R?*°, R?! and R*?, are independently
selected from hydrogen, alkyl of 1-6 carbons, and wherein
adjacent groups may be taken together to form a cyclic alkyl
or cyclic aryl moiety;
medicating said patient with said drug substance thereby
providing a medicated patient; determining a degree of physi-
ological/psychological disorder for said medicated patient;
and
providing at least one second drug product comprising a
second suitable dosage and a second drug release profile
wherein said drug product comprises said at least one drug
substance.

Yet another embodiment is provided in a method of admin-
istering an active pharmaceutical comprising:
providing a drug product comprising a drug substance in a
dose suitable for achieving a therapeutic dose of drug sub-
stance in a predetermined time wherein the therapeutic dose
is not exceeded by ingestion of alcohol at biological pH and
the drug substance is selected from the group consisting of:
a pharmaceutically acceptable organic acid addition salt of a
first amine containing pharmaceutically active compound
wherein said first amine containing pharmaceutical active
compound is selected from the group consisting of racemic or
single isomer ritalinic acid or phenethylamine derivatives,
particularly methylphenidate and amphetamine, and said
drug substance has a physical form selected from amorphous
and polymorphic; and
A-B-C wherein A is a second amine containing pharmaceu-
tically active compound; C is an amine and B is a bidentate
linking group used to link A and C, and is defined by the
formula:

10 0 RU
| - | -
C—Y!—¢! C—Y?—G?
RIS OR2 R R2
AN AN
| RE—
RIS A RIS R s R2!
RV R20

wherein Y* and Y? are independently selected from nitrogen,
oxygen and sulfur;

G' and G* independently represent ionically or covalently
bound groups; R'® and R'' are present when necessary to
satisfy the valence of Y' and Y?, respectively, and are inde-
pendently selected from hydrogen and an alkyl of 1-6 car-
bons; aryl of 6-12 carbons, alkylacyl of 1-8 carbons or aryla-
cyl 7-15 carbons;

R'? and R'? are independently selected from hydrogen, alkyl
or 1-6 carbons, alkylacyl of 1-8 carbons or arylacyl of 7-15
carbons;
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R'* will replace one of R*>, R*%, R*” or R'® and one of R*,
R?°, R*! or R*? and is an alkyl or branched alkyl of 1-10
carbons, aryl, arylalkyl of 7-15 carbons and wherein R'* may
include at least one optically active carbon; and
R'*, R'¢, R'7, R'® R, R?°, R*! and R*?, are independently
selected from hydrogen, alkyl of 1-6 carbons, and wherein
adjacent groups may be taken together to form a cyclic alkyl
or cyclic aryl moiety.

Yet another embodiment is provided in a drug system com-
prising:
a first drug substance comprising a first amine containing
pharmaceutically active compound with an immediate
release profile to reach a therapeutic level; and a second drug
product comprising a second drug substance selected from
the group consisting of:
a pharmaceutically acceptable organic acid addition salt of a
second amine containing pharmaceutically active compound
wherein said second amine containing pharmaceutical active
compound is selected from the group consisting of:
methylphenidate and amphetamine wherein said drug sub-
stance has a physical form selected from amorphous and
polymorphic; and
A-B-C wherein A is a third amine containing pharmaceuti-
cally active compound; C is an amine and B is a bidentate
linking group used to ionically or covalently link A and C, and
is defined by the formula:

RU
| - | -
C—Y!'—¢g! C—Y?—@G?

RIS ORZ2  RIQ R2
AN AN

| RE—]

RIS F RS R s R2!

RV R20

wherein Y* and Y? are independently selected from nitrogen,
oxygen and sulfur; G' and G* independently represent ioni-
cally or covalently bound groups;

R'?and R'! are present when necessary to satisfy the valence
of Y! and Y?, respectively, and are independently selected
from hydrogen and an alkyl of 1-6 carbons; aryl of 6-12
carbons, alkylacyl of 1-8 carbons or arylacyl 7-15 carbons;
R'? and R'? are independently selected from hydrogen, alkyl
or 1-6 carbons, alkylacyl of 1-8 carbons or arylacyl of 7-15
carbons;

R'*will replace one of R*>, R'%, R'” or R and one of R**, R*°,
R?! or R** and is an alkyl or branched alkyl of 1-10 carbons,
aryl, arylalkyl of 7-15 carbons and wherein R'* may include
at least one optically active carbon; and

R'*, R'¢, R'7, R'®, R, R?°, R*! and R*?, are independently
selected from hydrogen, alkyl of 1-6 carbons, and wherein
adjacent groups may be taken together to form a cyclic alkyl
or cyclic aryl moiety;

wherein said second drug substance has a dissolution release
profile suitable for maintaining said therapeutic level from
1-24 hours.

Yet another embodiment is provided in a method for treat-
ing Attention Deficit/Hyperactivity Disorder comprising:
prescribing a first drug product comprising a first drug sub-
stance at a first dose to reach a first therapeutic level of the first
drug substance wherein the first drug substance comprises a
first amine containing pharmaceutically active compound
with an immediate release profile;
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monitoring results of the first dose to determine second dose;

prescribing a second drug product comprising the first drug
substance at the second dose to reach a second therapeutic
level wherein the second drug substance comprises the first
amine containing pharmaceutically active compound with
the immediate release profile;

monitoring results of the second dose to confirm suitability of
the second dose;

prescribing a third drug product comprising a second drug
substance wherein the second drug substance has a dissolu-
tion release profile suitable for maintaining the therapeutic
level and the second drug substance is selected from the group
consisting of:

a pharmaceutically acceptable organic acid addition salt of a
second amine containing pharmaceutically active compound
wherein the amine containing pharmaceutical active com-
pound is selected from the group consisting of methylpheni-
date and amphetamine and said drug substance has a physical
form selected from amorphous and polymorphic; and

A-B-C wherein A is a third amine containing pharmaceuti-
cally active compound; C is an amine and B is a bidentate
linking group used to ionically or covalently link A and C, and
is defined by the formula:

0 RI0 0 Rl
| - | -
C—Y!'—¢! C—Y?—G?
e OR2 RBo R2
x AN
| R I
|
RIS A RIS RY A r2!
RY7 R20

wherein Y* and Y? are independently selected from nitrogen,
oxygen and sulfur;

G' and G* independently represent ionically or covalently
bound groups;

R and R!'! are present when necessary to satisfy the valence
of Y! and Y?, respectively, and are independently selected
from hydrogen and an alkyl of 1-6 carbons; aryl of 6-12
carbons, alkylacyl of 1-8 carbons or arylacyl 7-15 carbons;

R'? and R'? are independently selected from hydrogen, alkyl
or 1-6 carbons, alkylacyl of 1-8 carbons or arylacyl of 7-15
carbons;

R**will replace one of R*>, R*5, R'” or R and one of R*®, R*°,
R?! or R** and is an alkyl or branched alkyl of 1-10 carbons,
aryl, arylalkyl of 7-15 carbons and wherein R** may include
at least one optically active carbon; and

R'%,R!'® R'7,R'® R'®, R?*°, R?! and R*?, are independently
selected from hydrogen, alkyl of 1-6 carbons, and wherein
adjacent groups may be taken together to form a cyclic alkyl
or cyclic aryl moiety.

Yet another embodiment is provided in a method for form-
ing an improved drug system with an optimized bioavailabil-
ity comprising the steps of: forming a drug substance consist-
ing essentially of A-B-C wherein A is an amine containing
pharmaceutically active compound; C is a first dissolution
modifying amine and B is a bidentate linking group used to
ionically or covalently link A and C, and is defined by the
formula:
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0 RI0 0 RU
| - | -
C—Y!'—¢g! C—Y?—@G?
RIS ORZ2  RIQ R2
AN QAN
| i
|
RIS Z RS R s R2!
RV R20

wherein Y* and Y2 are independently selected from nitrogen,
oxygen and sulfur;

G' and G* independently represent ionically or covalently
bound groups;

R'°and R!'! are present when necessary to satisfy the valence
of Y! and Y?, respectively, and are independently selected
from hydrogen and an alkyl of 1-6 carbons; aryl of 6-12
carbons, alkylacyl of 1-8 carbons or arylacyl 7-15 carbons;
R'?and R'? are independently selected from hydrogen, alkyl
or 1-6 carbons, alkylacyl of 1-8 carbons or arylacyl of 7-15
carbons;

R'* will replace one of R*>, R*%, R*” or R'® and one of R*,
R?°, R*! or R*? and is an alkyl or branched alkyl of 1-10
carbons, aryl, arylalkyl of 7-15 carbons and wherein R** may
include at least one optically active carbon; and

R'*, R'¢, R'7, R'® R, R?°, R*! and R*?, are independently
selected from hydrogen, alkyl of 1-6 carbons, and wherein
adjacent groups may be taken together to form a cyclic alkyl
or cyclic aryl moiety;

measuring a dissolution profile at pH intervals representing
gastric, intestinal and aqueous conditions;

comparing said dissolution profile with a predetermined stan-
dard;

forming a second drug substance consisting essentially of
A-B-C'wherein A is said amine containing pharmaceutically
active compound; C' is a second dissolution modifying amine
and B is said bidentate linking group wherein said second
dissolution modifying amine has a different hydrophilicity
than said first dissolution modifying amine.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is the differential scanning calorimetry (DSC) ther-
mogram of amorphous racemic-methylphenidate pamoate.

FIG. 2 is the Fourier Transform Infrared (FTIR) spectrum
of amorphous racemic-methylphenidate pamoate.

FIG. 3 is the powder X-ray diffraction (PXRD) diffracto-
gram of amorphous racemic-methylphenidate pamoate.

FIG. 4 is the differential scanning calorimetry (DSC) ther-
mogram of polymorphic racemic-methylphenidate pamoate.

FIG. 5 is the Fourier Transform Infrared (FTIR) spectrum
of polymorphic racemic-methylphenidate pamoate.

FIG. 6 is the powder X-ray diffraction (PXRD) diffracto-
gram of polymorphic racemic-methylphenidate pamoate.

FIG. 7 is the differential scanning calorimetry (DSC) ther-
mogram of polymorphic racemic-methylphenidate xinafoate.

FIG. 8 is the Fourier Transform Infrared (FTIR) spectrum
of polymorphic racemic methylphenidate xinafoate.

FIG. 9 is the powder X-ray diffraction (PXRD) diffracto-
gram of polymorphic racemic-methylphenidate xinafoate.

FIG. 10 is the differential scanning calorimetry (DSC)
thermogram of amorphous d-methylphenidate pamoate.

FIG. 11 is the Fourier Transform Infrared (FTIR) spectrum
of amorphous d-methylphenidate pamoate.
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FIG. 12 is the powder X-ray diffraction (PXRD) diffracto-
gram of amorphous d-methylphenidate pamoate.

FIG. 13 is the differential scanning calorimetry (DSC)
thermogram of polymorphic d-methylphenidate pamoate.

FIG. 14 is the Fourier Transform Infrared (FTIR) spectrum
of polymorphic d-methylphenidate pamoate.

FIG. 15 is the powder X-ray diffraction (PXRD) diffracto-
gram of polymorphic d-methylphenidate pamoate.

FIG. 16 is the differential scanning calorimetry (DSC)
thermogram of amorphous d-methylphenidate xinafoate.

FIG. 17 is the Fourier Transform Infrared (FTIR) spectrum
of amorphous d-methylphenidate xinafoate.

FIG. 18 is the powder X-ray diffraction (PXRD) diffracto-
gram of amorphous d-methylphenidate xinafoate.

FIG. 19 is the differential scanning calorimetry (DSC)
thermogram of amorphous dextro-amphetamine pamoate.

FIG. 20 is the Fourier Transform Infrared (FTIR) spectrum
of amorphous dextro-amphetamine pamoate.

FIG. 21 is the powder X-ray diffraction (PXRD) diffracto-
gram of amorphous dextro-amphetamine pamoate.

FIG. 22 is the differential scanning calorimetry (DSC)
thermogram of polymorphic dextro-amphetamine pamoate.

FIG. 23 is the Fourier Transform Infrared (FTIR) spectrum
of polymorphic dextro-amphetamine pamoate.

FIG. 24 is the powder X-ray diffraction (PXRD) diffracto-
gram of polymorphic dextro-amphetamine pamoate.

FIG. 25 is the differential scanning calorimetry (DSC)
thermogram of polymorphic dextro-amphetamine xinafoate.

FIG. 26 is the Fourier Transform Infrared (FTIR) spectrum
of polymorphic dextro-amphetamine xinafoate.

FIG. 27 is the powder X-ray diffraction (PXRD) diffracto-
gram of polymorphic dextro-amphetamine xinafoate.

FIG. 28 is a graphical representation of the pH dependent
dissolution profiles of amorphous racemic-methylphenidate
pamoate.

FIG. 29 is a graphical representation of the dissolution
profiles of amorphous racemic-methylphenidate pamoate
under acidic conditions as a function of ethanol concentra-
tion.

FIG. 30 is a graphical representation of the pH dependent
dissolution profiles of polymorphic racemic-methylpheni-
date pamoate.

FIG. 31 is a graphical representation of the dissolution
profiles of polymorphic racemic-methylphenidate pamoate
under acidic conditions as a function of ethanol concentra-
tion.

FIG. 32 is a graphic representation of the pH dependent
dissolution profiles of polymorphic racemic-methylpheni-
date xinafoate.

FIG. 33 is a graphical representation of the dissolution
profiles of polymorphic racemic-methylphenidate xinafoate
under acidic conditions as a function of ethanol concentra-
tion.

FIG. 34 is a graphical representation of the pH dependent
dissolution profiles of polymorphic d-methylphenidate
pamoate.

FIG. 35 is a graphical representation of the dissolution
profiles of polymorphic d-methylphenidate pamoate under
acidic conditions as a function of ethanol concentration.

FIG. 36 is a graphical representation of the pH dependent
dissolution profiles of amorphous d-methylphenidate pamo-
ate.

FIG. 37 is a graphical representation of the dissolution
profiles of amorphous d-methylphenidate pamoate under
acidic conditions as a function of ethanol concentration.
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FIG. 38 is a graphical representation of the pH dependent
dissolution profiles of amorphous d-methylphenidate xin-
afoate.

FIG. 39 is a graphical representation of the dissolution
profiles of amorphous d-methylphenidate xinafoate under
acidic conditions as a function of ethanol concentration.

FIG. 40 is a graphical representation of the pH dependent
dissolution profiles of polymorphic dextro-amphetamine
pamoate.

FIG. 41 is a graphical representation of the dissolution
profiles of polymorphic dextro-amphetamine pamoate under
acidic conditions as a function of ethanol concentration.

FIG. 42 is a graphical representation of the pH dependent
dissolution profiles of amorphous dextro-amphetamine
pamoate.

FIG. 43 is a graphical representation of the dissolution
profiles of amorphous dextro-amphetamine pamoate under
acidic conditions as a function of ethanol concentration.

FIG. 44 is a graphical representation of the pH dependent
dissolution profiles of polymorphic dextro-amphetamine xin-
afoate.

FIG. 45 is a graphical representation of the dissolution
profiles of polymorphic dextro-amphetamine xinafoate under
acidic conditions as a function of ethanol concentration.

FIG. 46 is the differential scanning calorimetry (DSC)
thermogram of polymorphic racemic-methylphenidate
stearylamine pamoate, 1:1:1 salt.

FIG. 47 is the Fourier Transform Infrared (FTIR) spectrum
of polymorphic racemic-methylphenidate stearylamine
pamoate, 1:1:1 salt.

FIG. 48 is the powder X-ray diffraction (PXRD) diffracto-
gram of polymorphic racemic-methylphenidate stearylamine
pamoate, 1:1:1 salt.

FIG. 49 is the proton nuclear magnetic resonance (‘H
NMR) spectrum of polymorphic racemic-methylphenidate
stearylamine pamoate, 1:1:1 salt.

FIG. 50 is the differential scanning calorimetry (DSC)
thermogram of amorphous d-methylphenidate mono-triethy-
lammonium pamoate, 1:1:1 salt.

FIG. 51 is the Fourier Transform Infrared (FTIR) spectrum
of amorphous d-methylphenidate mono-triethylammonium
pamoate, 1:1:1 salt.

FIG. 52 is the powder X-ray diffraction (PXRD) diffracto-
gram of amorphous d-methylphenidate mono-triethylammo-
nium pamoate, 1:1:1 salt.

FIG. 53 is the proton nuclear magnetic resonance (*H
NMR) spectrum of amorphous d-methylphenidate mono-tri-
ethylammonium pamoate, 1:1:1 salt.

FIG. 54 is the differential scanning calorimetry (DSC)
thermogram of amorphous imipramine pamoate, 1:1 salt.

FIG. 55 is the Fourier Transform Infrared (FTIR) spectrum
of amorphous imipramine pamoate, 1:1 salt.

FIG. 56 is the powder X-ray diffraction (PXRD) diffracto-
gram of amorphous imipramine pamoate, 1:1 salt.

FIG. 57 is the proton nuclear magnetic resonance (*H
NMR) spectrum of amorphous imipramine pamoate, 1:1 salt.

FIG. 58 is the differential scanning calorimetry (DSC)
thermogram of amorphous imipramine mono-triethylammo-
nium pamoate, 1:1:1 salt.

FIG. 59 is the Fourier Transform Infrared (FTIR) spectrum
of amorphous imipramine mono-triethylammonium pamo-
ate, 1:1:1 salt.

FIG. 60 is the powder X-ray diffraction (PXRD) diffracto-
gram of amorphous imipramine mono-tricthylammonium
pamoate, 1:1:1 salt.
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FIG. 61 is the proton nuclear magnetic resonance (‘H
NMR) spectrum of amorphous imipramine mono-triethylam-
monium pamoate, 1:1:1 salt.

FIG. 62 is the differential scanning calorimetry (DSC)
thermogram of polymorphic imipramine stearylamine pamo-
ate, 1:1:1 salt.

FIG. 63 is the Fourier Transform Infrared (FTIR) spectrum
of'polymorphic imipramine stearylamine pamoate, 1:1:1 salt.

FIG. 64 is the powder X-ray diffraction (PXRD) diffracto-
gram of polymorphic imipramine stearylamine pamoate,
1:1:1 salt.

FIG. 65 is the proton nuclear magnetic resonance (*H
NMR) spectrum of polymorphic imipramine stearylamine
pamoate, 1:1:1 salt.

FIG. 66 is the differential scanning calorimetry (DSC)
thermogram of amorphous imipramine Jeffamine® pamoate,
1:1:1 salt.

FIG. 67 is the Fourier Transform Infrared (FTIR) spectrum
of amorphous imipramine Jeffamine® pamoate, 1:1:1 salt.

FIG. 68 is the powder X-ray diffraction (PXRD) diffracto-
gram of amorphous imipramine Jeffamine® pamoate, 1:1:1
salt.

FIG. 69 is the proton nuclear magnetic resonance (*H
NMR) spectrum of amorphous imipramine Jeffamine®
pamoate, 1:1:1 salt.

FIG. 70 is the differential scanning calorimetry (DSC)
thermogram of amorphous hydrocodone stearylamine pamo-
ate, 1:1:1 salt.

FIG. 71 is the Fourier Transform Infrared (FTIR) spectrum
of amorphous hydrocodone stearylamine pamoate, 1:1:1 salt.

FIG. 72 is the powder X-ray diffraction (PXRD) diffracto-
gram of amorphous hydrocodone stearylamine pamoate,
1:1:1 salt.

FIG. 73 is the proton nuclear magnetic resonance (‘H
NMR) spectrum of amorphous hydrocodone stearylamine
pamoate, 1:1:1 salt.

FIG. 74 is the differential scanning calorimetry (DSC)
thermogram of amorphous hydrocodone Jeffamine® pamo-
ate, 1:1:1 salt.

FIG. 75 is the Fourier Transform Infrared (FTIR) spectrum
of amorphous hydrocodone Jeffamine® pamoate, 1:1:1 salt.

FIG. 76 is the powder X-ray diffraction (PXRD) diffracto-
gram of amorphous hydrocodone Jeffamine® pamoate, 1:1:1
salt.

FIG. 77 is the proton nuclear magnetic resonance (*H
NMR) spectrum of amorphous hydrocodone Jeffamine®
pamoate, 1:1:1 salt.

FIG. 78 is a graphical representation of the pH dependent
dissolution profiles of polymorphic racemic-methylpheni-
date stearylamine pamoate, 1:1:1 salt.

FIG. 79 is a graphical representation of the dissolution
profiles of polymorphic racemic-methylphenidate steary-
lamine pamoate, 1:1:1 salt under acidic conditions as a func-
tion of ethanol concentration.

FIG. 80 is a graphical representation of the pH dependent
dissolution profiles of amorphous d-methylphenidate mono-
triethylammonium pamoate, 1:1:1 salt.

FIG. 81 is a graphical representation of the dissolution
profiles of amorphous d-methylphenidate mono-triethylam-
monium pamoate, 1:1:1 salt under acidic conditions as a
function of ethanol concentration.

FIG. 82 is a graphical representation of the pH dependent
dissolution profiles of amorphous imipramine pamoate, 1:1
salt.

FIG. 83 is a graphical representation of the dissolution
profiles of amorphous imipramine pamoate, 1:1 salt under
acidic conditions as a function of ethanol concentration.
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FIG. 84 is a graphical representation of the pH dependent
dissolution profiles of amorphous imipramine mono-triethy-
lammonium pamoate, 1:1:1 salt.

FIG. 85 is a graphical representation of the dissolution
profiles of amorphous imipramine mono-triethylammonium
pamoate, 1:1:1 salt under acidic conditions as a function of
ethanol concentration.

FIG. 86 is a graphical representation of the pH dependent
dissolution profiles of polymorphic imipramine stearylamine
pamoate, 1:1:1 salt.

FIG. 87 is a graphical representation of the dissolution
profiles of polymorphic imipramine stearylamine pamoate,
1:1:1 salt under acidic conditions as a function of ethanol
concentration.

FIG. 88 is a graphical representation of the pH dependent
dissolution profiles of amorphous imipramine Jeffamine®
pamoate, 1:1:1 salt.

FIG. 89 is a graphical representation of the dissolution
profiles of amorphous imipramine Jeffamine® pamoate,
1:1:1 salt under acidic conditions as a function of ethanol
concentration.

FIG. 90 is a graphical representation of the pH dependent
dissolution profiles of amorphous hydrocodone stearylamine
pamoate, 1:1:1 salt.

FIG. 91 is a graphical representation of the dissolution
profiles of amorphous hydrocodone stearylamine pamoate,
1:1:1 salt under acidic conditions as a function of ethanol
concentration.

FIG. 92 is a graphical representation of the pH dependent
dissolution profiles of amorphous hydrocodone Jeffamine®
pamoate, 1:1:1 salt.

FIG. 93 is a graphical representation of the dissolution
profiles of amorphous hydrocodone Jeffamine® pamoate,
1:1:1 salt under acidic conditions as a function of ethanol
concentration.

FIG. 94 is the differential scanning calorimetry (DSC)
thermogram of amorphous bis(triethylammonium) pamoate.

FIG. 95 is the Fourier Transform Infrared (FTIR) spectrum
of amorphous bis(triethylammonium) pamoate.

FIG. 96 is the powder X-ray diffraction (PXRD) diffracto-
gram of amorphous bis(triethylammonium) pamoate.

FIG. 97 is the proton nuclear magnetic resonance (*H
NMR) spectrum of amorphous bis(triethylammonium)
pamoate.

FIG. 98 is a graphical representation of the pH dependent
dissolution profiles of d-methylphenidate hydrochloride.

FIG. 99 is a graphical representation of the dissolution
profiles of d-methylphenidate hydrochloride under acidic
conditions as a function of ethanol concentration.

FIG. 100 is a graphical representation of the pH dependent
dissolution profiles of racemic-methylphenidate hydrochlo-
ride.

FIG. 101 is a graphical representation of the dissolution
profiles of racemic-methylphenidate hydrochloride under
acidic conditions as a function of ethanol concentration.

FIG. 102 is a graphical representation of the pH dependent
dissolution profiles of dextro-amphetamine sulfate.

FIG. 103 is graphical representation of the dissolution
profiles of dextro-amphetamine sulfate under acidic condi-
tions as a function of ethanol concentration.

FIG. 104 is the differential scanning calorimetry (DSC)
thermogram of polymorphic imipramine pamoate, 1:1 salt.

FIG. 105 is the Fourier Transform Infrared (FTIR) spec-
trum of polymorphic imipramine pamoate, 1:1 salt.

FIG. 106 is the powder X-ray diffraction (PXRD) diffrac-
togram of polymorphic imipramine pamoate, 1:1 salt.
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FIG. 107 is the proton nuclear magnetic resonance (‘H
NMR) spectrum of polymorphic imipramine pamoate, 1:1
salt.

FIG. 108 is a graphical representation of the pH dependent
dissolution profiles of polymorphic imipramine pamoate, 1:1
salt.

FIG. 109 is a graphical representation of the dissolution
profiles of polymorphic imipramine pamoate, 1:1 salt under
acidic conditions as a function of ethanol concentration.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to improved pharmaceu-
ticals, particularly, for use in treating AD(H)D. The improved
pharmaceuticals are abuse-deterrent, especially, with regards
to abuse via alcohol enhanced dose dumping. The improved
pharmaceuticals provide for an improved system of adminis-
tration and an enhanced ability to design drug substances for
optimized bioavailability through systematic dissolution pro-
file alteration with selected hydrophilic and lipophilic prop-
erties.

The invention will be described with reference to figures
which are an integral, non-limiting, component of the speci-
fication.

The present invention provides compounds which are use-
ful in the legitimate and medically necessary treatment of
ADD/ADHD. More specifically, the present invention pro-
vides for the isolation, identification and characterization of
unique physical forms of organic acid addition salts of race-
mic or single isomer derivatives of ritalinic acid or phenethy-
lamine derivatives, and particularly methylphenidate and
dextro-amphetamine, where their use in treating ADD/
ADHD is enhanced by rendering them abuse-deterrent. Fur-
thermore, the present invention provides for the ability to
adjust the hydrophilic and lipophilic character of amine con-
taining drug substances thereby allowing the drug designer to
engineer a pre-determined dissolution profile of the drug
substance. The advantages are provided through the synthetic
ability to manipulate and prepare drug substances with a
myriad of substitutions. The present invention therefore pro-
vides a highly desirable technical solution to a complex phar-
maceutical need and a government mandated program.

The inventive drug substances, and drug product compris-
ing the drug substances, are organic addition salts of an amine
containing active pharmaceutical compound. In a particularly
preferred embodiment the amine containing active pharma-
ceutical compound is selected from the group consisting of
racemic or single isomer ritalinic acid or phenethylamine
derivatives, particularly amphetamine and methylphenidate
wherein the drug substance is in a physical form selected from
amorphous and polymorphic.

The phenethylamine derivatives are defined by the struc-
ture:

wherein R® and R% are independently selected from hydro-
gen, alkyl of 1-15 carbons, cycloaliphatic and aromatic;
R% is selected from selected from hydrogen, alkyl of 1-15
carbons, cycloaliphatic and aromatic, benzyl and acetyl;
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R% is selected from alkyl of 1-15 carbons, halogen, alkoxy of

1-5 carbons, benzyl, carbonyl and carboxyl; and

* indicates an R or S carbon. Dextro-amphetamine is defined

as R, R®, R%, and R%® each being hydrogen and the

remaining chiral center has an absolute stereochemistry of S.
The ritalinic acid derivatives are defined by the structure:

wherein X is selected from O, N and S;

R is selected from hydrogen, alkyl of 1-15 carbons,
cycloaliphatic and aromatic;

R>! when necessary to balance the valence of X is selected
from hydrogen, alkyl of 1-15 carbons, cycloaliphatic and
aromatic;

R>? is selected from selected from hydrogen, alkyl of 1-15
carbons, cycloaliphatic and aromatic, benzyl and acetyl;
R’? and R>* are independently selected from alkyl of 1-15
carbons, halogen, alkoxy of 1-5 carbons, benzyl, carbonyl
and carboxyl; and

* indicates an R or S carbon. d-methylphenidate is defined by
X being oxygen; R*® not being necessary; R>" is methyl; R*?,
R>? and R>* are hydrogen and both stereochemical centers
have an absolute configuration of R.

Where appropriate, optical isomers are specified herein by
their chirality in accordance with standard nomenclature
using the terms dextro-, or d-, for dextrorotatory; levo-, or 1,
for levorotatory and racemic-, for mixed optical isomers. Also
employed herein are the designations R and S which represent
a stereochemical center’s absolute configuration.

The organic acid is described herein as either the acid or the
linking group with the understanding that the acid moiety
reacts with an amine to form an ionic chemical bond.
Throughout the specification the organic acid is represented,
for convenience, as —COXR'R", or an equivalent, wherein X,
R' and R" are further defined or as —COY'R™—, or the
equivalent, wherein Y' and R™ are further defined and the
vacant valency indicates a bond to a subsequent group. These
definitions are used interchangeably for convenience of dis-
cussion.

An embodiment of the organic acid is defined by the fol-
lowing Structures A through H wherein Structure A repre-
sents the general family of compounds embodied within the
invention. Structure B represents the subset of salicylic acid
and its derivatives. Structures C, D and E are regio-isomeric
variations of Compound A wherein two adjacent substituents
on Compound A form a fused aryl ring (i.e. R*+R?; R*+R?;
and R*+R*). Structures F, G and H represent a further sub-
category of dimer-like compounds derived from Structure A.
In Structure F, dimerization has occurred through R* of two
Structure A compounds with both possessing fused-aryl ring
systems formed via R?+R>. In Structure G, dimerization has
again occurred through R* of two Structure A compounds;
however both Structure A residues possess fused-aryl ring
systems formed via R'+R>.
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Structure A
OR?®
R? COXRSR’
R? R!
RZ

Wherein R'-R* are independently selected from H, alkyl or
substituted alkyl of 1-6 carbons, adjacent groups may be
taken together to form a cyclic alkyl or cyclic aryl moiety; R®
represents H, alkyl, alkylacyl or arylacyl; R® and R” are inde-
pendently selected from H, alkyl of 1-6 carbons, aryl of 6-12
carbons, alkylacyl or arylacyl analogues sufficient to satisfy
the valence of X (e.g. to provide a mixed anhydride or car-
bamate); X is selected from nitrogen, oxygen or sulfur, and
when X=—0, R°+R” may represent an alkali earth cation,
ammonium or together form a heterocyclic ammonium moi-
ety;

Particularly preferred organic acids include Structures B
through E.

Structure B
OR?®

COXRSR’

wherein R®, R%, R7 and X remain as defined above for Struc-
ture A;

Structure C

COXRSR’

wherein X, R®, R® and R” remain as defined above for Struc-
ture A and more preferably X is O;

Structure D
COXRSR7
OR?
Rl
R2

wherein X, R*, R, R>, R® and R” remain as defined above for
Structure A and more preferably X is O; R* and R? are hydro-
gen;
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Structure E
R4
OR?
COXRSR’
Rl

wherein X, R', R*, R®, R® and R” remain as defined above for
Structure A and more preferably X is O, R* and R* are hydro-
gen;

Structure F
Rl
COXRSR’
OR>
OR>
COXRSR7
Rl

wherein X, R', R, RS and R are independently defined as
above for Structure A and more preferably at least one X is O
and at least one R is hydrogen; and

Structure G
COXRSR’

OO o

OR?®

COXRSR’

wherein X, R>, R® and R” are independently defined as above
for Structure A and more preferably X is O and R* is hydro-
gen.

Pamoic acid, or a synthetic equivalent of pamoic acid, is the
preferred embodiment. Pamoic acid has a formula corre-
sponding to Structure F wherein X is O; R*, R>, R® and R” are
hydrogen.

A synthetic equivalent of pamoic acid is a material that
provides the structural moiety independent of its particular
salt, ester, or amide form and that upon pH adjustment yields
pamoate functionality suitable for reaction, optionally with
one or two equivalents of an amine-containing active phar-
maceutical ingredient to form a pamoate salt. Examples of
synthetic equivalents of pamoic acid capable of manipulation
to produce pamoate salts include but are not limited to, diso-
dium pamoate, mono-alkali pamoate, di-ammonium pamoate
and derivatives (e.g. di-triethylammonium pamoate), di-po-
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tassium pamoate, lower molecular weight di-alkyl and/or
di-aryl amine pamoate, lower molecular weight di-alkyl and/
or di-aryl esters of pamoic acid, and lower molecular weight
di-alkylacyl and/or di-arylacyl O-esters of pamoic acid, i.e.
those alkylacyl and arylacyl esters formed using the hydroxyl
moiety of pamoic acid and not the carboxylic acid functional
group. The descriptor phrase “lower molecular weight” used
herein means the indicated moiety has a molecular mass
contribution within the pamoate derivative of less than about
200 amu.

For clarity, the use of lower molecular weight di-alkyl or
di-aryl amine pamoate allows for the exchange of higher
molecular weight amines, or a drug’s free base, to be
exchanged for the lower molecular weight amine component
during the salt formation reaction. Similarly, the use of lower
molecular weight di-alkylacyl and/or di-arylacyl pamoates
allow for their conversion through ester hydrolysis to the
pamoic/pamoate moiety followed by reaction with the
desired drug free base.

A particularly preferred bis-functional, or bidentate,
organic acid linking group is defined by Structure H:

Structure H
(ﬁ /RIO (ﬁ /Rll
C—Y!'—¢g! C—Y?—G?
12 22
RIS et R0 R
| RY |

RIS A RIS R F R2!

R R

wherein Y* and Y? are independently selected fr